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Question 1 [3 marks]
a) Write down any two of the standard axioms of set theory in symbolic form. (2)
b) Explain one of these axioms using natural language. (1)
Question 2 [9 marks]
a) Simplify: [(A ∪B ∪C) − (A ∪C)] ∪ [(B ∪ (A ∩C)) ∩B] (2)
b) Show that if A ⊆ B, then A ∩B = A. (2)
c) Give an example of sets a and B such that a ∈ B but ￿a ￿∈ ￿B. (2)
d) Let A, B and C be sets such that A ∪B = A ∪C and A ∩B = A ∩C.
Show that B = C. (3)
Question 3 [3 marks]
Let x, y and A be sets.
a) Give the standard definition of the ordered pair ￿x, y￿. (1)
b) Show that if x ∈ A and y ∈ A then ￿x, y￿ ∈ ￿￿A. (2)
Question 4 [4 marks]
Consider the set S = {0,1, ￿1,0￿, ￿1, ￿0,1￿￿}.
a) Write down the domain and range of S. (2)
b) Is S a function? Is S−1 a function? Justify your response in each case. (2)
Question 5 [3 marks]
There is only one function from the set {0,1} into the set {0}. Express this func-
tion using only the following four symbols: ￿ { } , (3)
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Question 6 [3 marks]
Assume that f and g are functions such that f ⊆ g and dom g ⊆ dom f .
Show that f = g. (3)
Question 7 [8 marks]
Let R be an equivalence relation on A. Suppose that x ∈ A, y ∈ A and that F ∶ A→ A.
a) Define the set [x]R. (1)
b) Following is a half completed proof for the statement “[x]R = [y]R i↵ xRy”. Com-
plete the proof. (3)
Proof:
( ￿⇒ ) Assume [x]R = [y]R. Since R is an equivalence
relation on A, it is a reflexive relation and so yRy. Thus,
y ∈ [y]R. But we have assumed [x]R = [y]R and so we have
y ∈ [x]R. Then, by the definition of [x]R we have xRy.
(⇐￿ ) . . .
c) Define what is meant by F is compatible with R. (1)
d) If F is compatible with R, show that there is a function Fˆ ∶ A￿R → A￿R such that
Fˆ ([x]R) = [F (x)]R for all x ∈ A. (3)
Question 8 [10 marks]
a) If a is a set, define the successor a+ of a. (1)
b) Define what is meant by A is an inductive set. (1)
c) Define a natural number. (1)
d) Prove that !, the set of natural numbers, is inductive. (3)
e) Prove that for any natural numbers m and n, m ∈ n ￿⇒ m+ ∈ n+. (4)
Question 9 [3 marks]
Show that ￿((￿￿￿3)+) ∈ !. (3)
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Question 10 [8 marks]
Recall that a set A is a transitive set i↵ x ∈ a ∈ A ￿⇒ x ∈ A.
a) Show that the following two properties are equivalent for a set A: (3)
x ∈ a ∈ A ￿⇒ x ∈ A a ∈ A ￿⇒ a ⊆ A
b) Let A be a set satisfying the second property above. Is it true that there exists a
transitive relation on A? Explain your answer. (2)
c) Prove that ! is a transitive set. (3)
Question 11 [7 marks]
a) Explain precisely what is meant by “the set A is equinumerous to the set B”. (1)
b) Give the definition of a finite set. (1)
c) Prove that the empty set is not equinumerous to any set other than itself. (2)
d) Construct a one-to-one correspondence between the closed interval [−1,1] and the
open interval (−1,1). (3)
Question 12 [8 marks]
State and prove the Schro¨der-Bernstein Theorem. (8)
Question 13 [6 marks]
Write down two di↵erent versions of the Axiom of Choice and prove that one of them
implies the other. (6)
Question 14 [5 marks]
Let ,   and µ be cardinals such that  ≤  .
a) Show, with a counterexample, that this does not imply µ ≤ µ . (2)
b) If  > 0, calculate  ⋅ (ℵ0 ⋅   + ). [HINT: you will need to consider two cases.] (3)
